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VELCOME PICT 8F 


In this first of two article instalments we look briefly at the 
main differences between the 16F and 18F series and in 
detail at the changes to the structure of the RAM (Data 
Memory). Table 1 summarises the key features as com- 
pared to the 16F series. 

There is an increase in ROM and large increase in RAM 
and this alone will justify their use for some people. But 
there are lots of other improvements too: 


— Up to 40 MHz clock (compared to 20 MHz). 

— Single cycle hardware multiplier. 

— Long look up tables. 

- Ability to write to Flash ROM during program operation. 
— Many new instructions. 

— Much improved addressing for both RAM and ROM. 


Memory and ifs access 

Among the main improvements over older PIC series is 
not only the larger amount of ROM and RAM but also the 
methods of addressing it. Before discussing this in detail 
we need fo clear up some of the terms Microchip uses. 


EEPROM is straightforward since it is never referred to 
as anything but EEPROM. EEPROM is non-volatile, and 
its contents may be modified not only during chip pro- 
gramming but also by the code executed by the PIC. EEP- 
ROM is also the area of memory that is best employed 
for the storage of user preferences. An example would 
be the display of a temperature measuring system that 
could be in Centigrade or Fahrenheit. If the variable that 
controls this is held in EEPROM, the user can change it 
and it will then be remembered, even when the power is 
turned off. 


RAM and Flash ROM are referred to by Microchip as 
data memory and program memory respectively. Confus- 
ing, sure, especially on the PIC18F series as large blocks 
of data in the form of lookup tables would be stored in 
ROM. Data stored in RAM is lost when the PIC supply 
voltage is switched off. ROM data, on the other hand, is 
retained. Both RAM and ROM data may be changed by 
the running program. In the first application the author 
used an 18 series chip for, 12 k of ROM was used for 
data and less than 1 k for program. In this two-part arti- 
cle we will use the terms RAM and ROM for these areas 
of memory. 

Table 2 shows the memory map for the RAM. When we 
access RAM directly, we only have one byte (the 
‘address byte’) available to identify the location 
(address). Typically you would give your RAM locations 
— usually called registers — a name that relates to their 


general function and defines them at the start of your pro- 


gram, for example: 
COUNT EQU 0x24 


The 0x24 is the location (in hex) in the RAM and you 
only have a range of 256 possible locations. Since there 
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are far more than 256 bytes of RAM, a banking scheme 
has to be used to access them all. This was also the case 
in the PIC16 series but the arrangement in the PIC18 
series is completely different. 

There are potentially sixteen banks available, numbered 
from O to 15. Only banks O, 1, 2 and 15 are imple- 
mented in the ‘242 or ‘442. The ‘252 and ‘452 have 
banks 3, 4 and 5 implemented as well. Bank 15 is used 
by the Special Function Registers so either three or six 


banks (768 or 1536 bytes) are available for general pur- 


pose registers. These banks can be selected using the 
Bank Select Register BSR but as we shall see, we would 
not normally need to worry about this. 


Direct addressing 


Direct addressing is much easier than with the PIC1 6F 
series and we've reasons to doubt if most programs will 
need to use banking commands at all. 

As you will see from the memory map, the first half of 


bank O and the second half of bank 15 have been desig- 


nated as the Access Bank. From reading the Microchip 
data sheet, you would think that this gave you 128 Gen- 
eral Purpose Registers and all the Special Function Regis- 
ters which you could access directly without using bank- 
ing commands. 

This would be good, but the reality is even better, since 
you can, in practice, use all 256 registers in bank zero 


and all the Special Function Registers without using bank- 


ing commands and without running into conflicts. Since 
we just said above that you could only ever access 256 
bytes without a banking command, how does this work? 
It works by using the access bit (a) to select either the 
access bank or the bank selected by the BSR. 

Suppose we define a register call TESTREG as follows 


TESTREG EQU 0x84 

A look at the Special Function Register map will show 
you that 84 in the Access bank is Port E. You would think 
that a conflict would then exist between these, and 
indeed it could but for the way Microchip have defined 
the default value of the access bit. 


Consider the following code: 


MOVLW 02 
MOVWF TESTREG 


MOVLW 04 
MOVWF PORTE 


Although we have not used the access bit, these lines will 
be translated by the compiler as if we had written: 


MOVLW 02 
MOVWF TESTREG, 1 


MOVLW 04 


63 


64 


Table 1. PIC16 vs PIC18F quick comparison 


























MOVWF PORTE, 0 

For the first MOVWF command the access bit is 1 which 
means use the bank specified by the BSR, the default 
value of which is zero. The 02 will thus be put in location 
0x084. 

For the second MOVWF command the access bit is O 
which means use the access bank. The 04 will then be 
stored in OxF84. 

The clever bit is that we don’t have to think about this at 
all, the compiler does it all for us, provided, of course, all 
the necessary ‘declarations’ (label and/or function state- 
ments} are present at the start of the program code. 

Don’t worry if you don’t fully understand all of the above, 
all that matters is that you can use all the General Pur- 
pose Registers you want from OO to FF, and all the Spe- 
cial Function Registers that you need to, without having to 
worry about banking at all. If you need more than 256 
registers, you should probably be using indexed address- 


ing anyway. 


Indirect addressing 

If you thought, direct addressing was good, things get 
even better with indirect addressing. This is because we 
have a 12-bit number to use for addressing, giving us 
direct access to all 16 banks. After all, both 212 and 

16 x 256 equal 4,096. 

First of all, there are now three FSR registers, FSRO, FSR1 
and FSR2. Associated with these are three INDF registers. 


Table 2. PIC18F RAM memory map 
































tie chi Address Range | Comment 
name 
00 - 7F 
0 000 - OFF is Access Bank 
i 100 — 1FF 
5 200 — 2FF 
3-5 goose | Whe 
implemented 
6-14 600 — EFF not used 
15 FOO - F7F not used 
“sea Function F80 — FFF (Access Bank) 
egisters 











Type Code Package 1/0 RAM FLASH ROM EEPROM 
(lines) (bytes) (bytes) (bytes) 
16F873 28 pin DIL 22 192 4k 128 
16F874 40 pin DIL 33 192 4k 128 
16F876 28 pin DIL 22 368 8k 256 
16F877 AO pin DIL 33 368 8k 256 











For the purpose of this explanation we shall only talk 
about FSRO and INDFO but exactly the same rules apply 
to the other two. 

The big difference is that there is now an FSROL (L= low) 
register which is an 8-bit register and is equivalent to the 
FSR register in the 16F series. We now also have an 
FSROH (H= high) register of which only the lowest four 
bits are available, as these are all that are needed to 
address the sixteen banks. 


By using these two registers together we can point fo any- 
where in the RAM memory space. Better still, if we are 
incrementing FSROL, then when we get to OFF and incre- 
ment FSROL again, FSROL changes to 00 and FSROH is 
automatically incremented so we can move seamlessly 
from, say, FF in bank 2 to 00 in bank 3. 

It gets better still because additional ways of manipulat- 
ing indirect addressing have been introduced. 


These are: (where n is O, 1 or2) 
INDFn Carries out the command to the indirect 


register and does nothing else. The same 
as the 16 series INDF. 


POSTDECn As above, but after carrying out the com- 
mand, the FSR is automatically decre- 
mented. 

POSTINCn After carrying out the command the FSR 
is incremented. 

PREINCn The FSR is incremented before carrying 
out the command. 

PLUSWn The value in the W register is used as an 


offset to the FSR. After the command both 
the FSR and W registers remain the 
same. 


An example of the last of these commands would be: 
INCF PLUSWO 


If the value in FSRO was 0x023 and the value in W was 
OA, then the effect of the above command would be to 
increment the value in location 0x027. After the com- 
mand the values in FSRO and W would be unchanged. 
Consider the following pieces of code which you should 


always use in the initialisation part of any program to 
clear the RAM. 
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For the 16F series we would have written: 


MOVLW 0x20 
MOVWF FSR 
NEXT CLR INDF 
INCF FSR 
BTFSS FSR,7 
GOTO NEXT 


This segment of code starts at RAM location 0x20 (after 
the Special Function Registers) and clears each RAM 
location until Ox7F i.e. the whole of bank 1. Because 
0x80-0x9F are Special Function Registers, you would 
have had to write similar separate segments for banks 2, 
3 and 4. 

For the PIC18F devices we can write 


LFSR FSR0, 0x000 

NEXT CLRF POSTINCO 
BTFSS FSROH, 0 
GOTO NEXT 


Examining this line by line, line 1 starts with a new 
instruction LFSR. You can put values in FSROL and FSROH 
separately using the normal MOVLW and MOVWF com- 
mands. However you can also initialise both registers at 
once using the LFSR command, followed by FSRO (or 1 or 
2), then a comma followed by a three digit hex number. 
The first digit will go into the low byte of FSROH and the 
other two into FSRL. So the effect of our first line is to 
ensure that the FSR is pointing to the first register in our 


RAM space. 

The next line is a label, NEXT, followed by the familiar 
CLRF. The POSTINCO operand would result in the regis- 
ter at location 000 being cleared and the FSRO register 
then being incremented. 

After the 

GOTO NEXT 

instruction the value in 0x001 will be cleared and this 
sequence will be continued until the 

BTFSS FSROH,0 

command causes the program to jump out of the loop 
when the value in FSRO reaches 0x100. The last memory 
location to be cleared will be OxOFF. 

With the PIC18F series, only four lines of code have 
cleared all 256 bytes of bank O. To clear this much mem- 
ory on the PIC16 series we would have had to repeat the 
six lines shown twice more for banks 1 and 2 making a 
total of eighteen lines. 


Next month... 


The next instalment will look at the improvements to ROM 
addressing and the implementation of long look up 
tables. 

(040036-1) 


Web pointer 
PIC18F242/252/442/452 datasheet at 
htto://ww l .microchip.com/downloads/en 
DeviceDoc/39564b. pdf 
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